Abstract: Power system decentralization has been an emerging topic for the past decade in an effort 
Introduction

39
To reduce carbon emissions produced during the electric power generation process, the 40 integration of renewable energy sources (RES) shall be increased. However, if their integration 41 increases excessively in a bulk power system, the power system operation may be adversely affected 42 by the abrupt power flow changes. Therefore, significant research has been focused in the effort to 
52
While the microgrid is operating in grid-connected mode, a natural disaster (e.g. typhoons, 53 tsunamis), or man-made accidents can cause disconnection of the microgrid from others and lead to 54 islanded operation. The disconnected or islanded microgrid must be able to withstand, and operate 55 under emergency mode, until the accident that caused this disconnection is cleared, for successful re-56 connection and normal operation. When a microgrid changes its operation mode from connected to 57 islanded, but still has the ability to deliver electric power to the loads consistently, and also has the 58 ability to recover back to the connected mode, is characterized as resilient [8] . Significant research has 59 investigated ways of increasing the resiliency of microgrids.
60
Research reported in [9] , [10] and [11] proposed an electric power supply strategy using load 61 shedding with renewable energy devices and battery energy storage systems (BESS). References 
69
For a bulk power system, when the electric power supply is less than its demand, there is a 70 power imbalance, which if not dealt with might lead to a black out. To be prepared for such a 71 situation, it is important to procure reserve power. This theory could also be applied to a small-size 72 decentralized microgrid. When the microgrid changes its operation strategy from connected mode to 73 islanded mode after an accident, the proposals from the aforementioned research could be a possible 74 solution. In this case, heavy investments would be necessary, in order to have ordinary resilience.
75
However, for predictable accidents, such as a natural disaster that can be forecasted, procuring 76 reserve power to the BESS just before the accident occurrence expected time, would be a cheaper and 77 more efficient solution.
78
In this paper, a reserve power procurement method has been proposed using ResEMS, assuming 79 that an accident, which causes the microgrid to operate in islanded mode, is predictable. If the amount 80 of procured reserve power is more than the one actually needed, the usage of generated power from 81 renewable energy will be limited, when the SOC of BESS reaches the maximum value of capacity (i.e.
82
after the microgrid returns back to connected mode). If not enough reserve power is procured, the 83 microgrid will not be able to operate in islanded mode until it recovers back to connected mode, 84 which would decrease its resiliency. Therefore, in order to increase the efficiency of electric power 85 provided to microgrid's loads, an algorithm that calculates reasonable reserve power to be procured that if the electric power is provided both to critical and non-critical loads, the necessary reserve 92 power will be excessively large, which is not an optimal solution.
93
The paper is structured as follows: In chapter 2, the resiliency of a microgrid is explained. In 
98
Overall Outline of Resiliency
99
Resiliency from the perspective of a microgrid, is to have the ability to adapt to the grid's situation 100 alteration, maintain the power supply after a disruption occurrence, and recover as soon as possible 101 from the disruption [8] . Additionally, it has to be prepared for a disruption, even though it has low 102 probability to occur but it comes with a high risk of damage to the microgrid. By summarizing all of 103 this, the definition of a resilient microgrid is to have an ability to prepare, withstand, adapt to and 104 recover from a disruption [21] . These capabilities are essential to increase the resiliency of a microgrid.
105
If any of these capabilities do not exist in the microgrid EMS, it will be impossible for the microgrid to 106 recover. In this paper the main concern is the ability to prepare before a disruption occurs.
107
According to [22] 
134
The reserve power procurement algorithm, is applied and considered when the optimal schedule 135 is calculated under connected mode through the ResEMS, right after an accident that causes 136 disconnection between microgrids is predicted. By assuming that it is possible to predict a natural 137 disaster, the proposed algorithm calculates the amount of the reserve power to be procured. Using the 138 procured reserve power, the microgrid could survive and operate in islanded mode until it recovers 139 back to connected mode. If the exact duration of recovery and re-connection is known, the reserve 140 power will be calculated with less mismatch. However, in some cases, the expected duration time could 141 last longer. Additionally, even when the duration time is as expected, it is possible that there is no sun 
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The reserve power could be procured by purchasing power from the connected power system or 167 by operating the diesel generator. However, since the optimization will be done by minimizing the total 168 operating cost (i.e. explained in the following chapter) and also the cost for diesel generation is higher, 169 importing electric power from the connected power system is more reasonable. 
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For each time step, it compares ① and ②, and procures reserve power, by purchasing the lack of 176 electric power from the connected power system, and storing it in BESS. 177 178 
181
MILP Optimization Formulation
182
In order to optimize the microgrid day-ahead scheduling, the objective function is set to 
193
Also, the total amount of electric power supplied to the microgrid must be greater than the amount 194 of power charged/discharged from the PCS (i.e. represented by equality (9)). Finally, the energy difference between load and generation from photovoltaic should match the output from diesel 196 generator, power purchased/sold from/to connected grid, charge/discharge power from PCS (10), for 197 every time section t. When the microgrid operates in islanded mode, terms related to the connected 198 power system, such as electric power purchase/sell fee, are ignored, since they should have no effect 
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Subject to: 
215
Otherwise, if power generation from photovoltaic device does not cover the load, the power balance 216 will be achieved by importing power from the connected utility grid or by operating the diesel 217 generator. However, the diesel generator will mainly be used when the microgrid is operating under 218 island mode, as generally its generation cost is higher than the price of power imported from the 219 connected power system. 
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The capacity of the photovoltaic device is 75 kW, peak value of critical and non-critical loads is 
250
Both cases have been simulated and compared in order to verify the effect of the resiliency 251 function. Through the simulations, day-ahead schedule for the following decision variables will be 252 obtained:
253
-Import/export electric power from/to the connected power system.
254
-Power output of diesel generator.
255
-Charge/discharge power from PCS.
256
-SOC of BESS.
258
Using the calculated values of the variables, the effect of resiliency function will be verified by 
262
-Calculate the critical load provision time, from t to T, using the stored energy in BESS, diesel 263 generator's possible generation amount (i.e. in kWh) and prediction data of critical loads
264
and photovoltaic device for day 1 and 2.
266
As it can be observed in Figure 5 , at time step 33, the predicted value of photovoltaic device 267 exceeds the critical load. Therefore, for the EMS base case, it is expected that electric power will not 
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It should also be noted that if the critical loads could be supplied until time step 129 (i.e. by using 313 the reserve power procured by the resilience function of ResEMS), then the critical load could also be 314 supplied after time step 129 by using the power generated from the photovoltaic device. In this case,
315
while the photovoltaic device output exceeds the critical loads for day 2, or after time step 129, the 316 surplus power will be stored in the BESS. This energy stored will conversely be used, when the 317 photovoltaic device power output does not exceed anymore the critical loads. 
